controls; p ! 0.05 IATH vs. control) and of metabolic syndrome (62% IATH, 40% EATH, 40% NATH, and 35% controls; p ! 0.05 IATH vs. control). In multivariate analysis, DM conferred a higher risk for IATH versus NATH stroke (OR, 10.8; 95% CI, 2.0-57 vs. OR, 2.7; 95% CI, 1.9-3.9; p ! 0.05) and much lower for EATH (OR, 6.2; 95% CI, 1.2-32). The metabolic syndrome conferred a higher risk for IATH stroke subtype (OR, 4.6; 95% CI, 1.1-18.7) when compared to EATH (OR, 2.3; CI, 0.6-9.1) and NATH (OR, 2.4; CI,. Conclusions: DM is a more important determinant for IATH-related stroke than EATH or NATH.
Introduction
Intracranial atherosclerosis (IATH) has been recognized as a serious cause of stroke. Several studies have demonstrated that IATH is present in 7-10% of patients with cerebrovascular disease [1, 2] , and that certain subgroups of the general population, such as blacks [2] [3] [4] , Hispanics [2, 3] , and Asians (Japanese, Chinese, and Korean descent) [5, 6] have significantly higher incidence rates of IATH compared to whites.
In general, the risk factors are thought to be the same as for non-intracranial vascular disease, and include hypertension (HTN), hypercholesterolemia, tobacco smoking, and diabetes mellitus (DM), in addition, possibly, to genetic factors and race-ethnicity [2] [3] [4] [5] [6] [7] . Recently, the metabolic syndrome [8] , a cluster of risk factors that are linked to insulin resistance and increased risk of coronary heart disease [9] and stroke [10] , has been implicated as an independent predictor of IATH in Asian patients of Korean descent [5] .
Whether the variation in the prevalence of classic cardiovascular risk factors across race-ethnic groups explains the greater incidence of IATH in certain groups is still unknown. The aim of this investigation was to explore the prevalence and significance of risk factors as determinants of IATH-related stroke in a multi-ethnic community-based cohort.
Methods
The Northern Manhattan Stroke Study (NOMASS) originally included a population-based incidence study and a nested casecontrol study designed to determine stroke incidence, risk factors, and prognosis in a multi-ethnic urban population. Details of the study have been previously published [11, 12] , and will be summarized briefly.
Selection of Subjects for Incidence Study and Index Ischemic Stroke Evaluation
Subjects were enrolled in the incidence portion of the study if they: (1) were diagnosed with first stroke (as defined by the National Institute of Neurological Disorders and Stroke, NINDS, Classification of Cerebrovascular Diseases III [13] ) between 1993 and 1997; (2) were 6 40 years old; (3) had resided in northern Manhattan for 6 3 months in a household with a telephone. Over 80% of patients with stroke in northern Manhattan are hospitalized at the Columbia University Medical Center (CUMC). Subjects hospitalized at other local hospitals were identified through active surveillance of admissions and through local physicians. Approximately 5% of incident ischemic stroke patients in northern Manhattan are not hospitalized [14] . Evaluation of patients was performed at the hospital, and those subjects that were not hospitalized at the CUMC were evaluated in the research clinic. For the incidence study, all cases of stroke within 4 zip codes of the census district were included.
Selection of Subjects for Nested Case-Control Study
All incidence cases that were evaluated in-person and stroke cases identified in another neighborhood zip code were enrolled in the population-based case-control study and were 1: 2 matched to community controls by age, gender, and race-ethnicity. The methods of control procurement and enrollment have been described in detail in a previous publication [12] . Briefly, random digit dialing was performed by Audits and Surveys (New York, N.Y., USA). Community control subjects were enrolled if they: (1) had never been diagnosed with stroke; (2) were aged 6 40 years; (3) had resided in northern Manhattan for at least 3 months in a household with a telephone. In-person evaluations were performed at the hospital or at home for those who could not come in person. The telephone response rate was 94%, and 70% of those respondents participated in an in-person evaluation. The study was approved by the institutional review boards at the CUMC and other primary hospitals. All stroke cases and stroke-free control subjects gave consent directly or through a surrogate when appropriate.
Assessment of Race-Ethnicity and Risk Factors
Data were collected through interviews by trained research assistants, and physical and neurological examinations were conducted by study neurologists. When possible, data were obtained directly from subjects. When subjects were unable to provide answers, proxies were interviewed (29.1% of the cases). Assessments were conducted in the participant's primary language. Race-ethnicity was based upon self-identification through a series of questions modeled after the US census, and conforming to standard definitions outlined by Directive 15 [15] . Participants who responded affirmatively to the question 'Are you of Hispanic/Spanish origin?' were classified as Hispanic. All other participants were then asked to classify their race into 1 of 6 categories: white, black, American Indian, Eskimo, Asian/Pacific Islander, or other. A proxy family member or caregiver was used for patients who were unable to answer questions because of coma, aphasia, etc.
Standardized questions were adapted from the Behavioral Risk Factor Surveillance System by the Centers for Disease Control and Prevention regarding the following conditions: HTN, DM, hypercholesterolemia, peripheral vascular disease, transient ischemic attack, cigarette smoking, and cardiac conditions (myocardial infarction, coronary artery disease, angina, congestive heart failure, atrial fibrillation, other arrhythmias, and valvular heart disease). Definitions of risk factors such as HTN, DM, hypercholesterolemia, coronary artery disease, metabolic syndrome, and smoking have been previously published [10] [11] [12] .
Ischemic Stroke Subtype Classification
The participants' histories, neurological examinations, and diagnostic evaluations (CT, MRI, MR angiography, carotid Doppler, transcranial Doppler, ECG, transesophageal or transthoracic echocardiogram, Holter monitoring, and conventional catheter angiography) were abstracted from the medical record. A panel of NOMASS neurologists blinded to patient identifiers, sex, race-ethnicity, risk factors (except history of transient ischemic attack, atrial fibrillation, and any other heart condition), and outcome, classified each stroke case according to modified TOAST (Trial of Org 10172 in Acute Stroke Treatment) criteria [16] into infarction due to atherosclerosis, embolism from a commonly accepted cardiac source, lacune, cryptogenic infarction, and stroke from other unusual causes using the best available information, as previously described [17] . Atherosclerotic stroke was attributed to perfusion failure distal to the site of severe stenosis or occlusion, or it represented cases where the stenosis was insufficient in itself to account for stroke on hemodynamic grounds but possibly served as an embolic source. This subtype characterized patients who usually presented with focal neurological symptoms and signs, brain-imaging evidence of a superficial or large deep infarction, and evidence of stenosis or occlu-sion detected by Doppler sonography or angiography. Atherosclerotic stroke was subdivided into extracranial atherosclerosis (EATH) or IATH categories depending on the location of the stenosis or occlusion. Extracranial sites included the common and internal carotid arteries at the bifurcation and the extradural portions of the vertebral arteries. Intracranial sites included the internal carotid siphon, middle cerebral artery stem or branches, anterior cerebral artery, intradural vertebral artery, basilar artery, and posterior cerebral artery stem. Classification as extracranial atherosclerotic disease required more than 60% stenosis in the symptomatic carotid artery or occlusion or high-resistance flow in the vertebral artery. Doppler criteria (Diasonics) for stenosis or occlusion were 60-80% stenosis when the ratio of internal to common carotid artery velocity was 1 3.0 with no or minimal aliasing; 80-99% stenosis when the internal carotid artery peak velocity was 1 190 cm/s, turbulence was present, and aliasing was detected; occlusion when no flow was detected in a well-imaged artery lumen; and high-resistance flow when there was no detectable anterograde flow in diastole. TCD measurements were made of the middle, anterior, posterior cerebral, and basilar arteries using EME Carolina equipment with a 2-MHz probe. Segmental arterial velocities were recorded and compared on either side, with evidence of intracranial stenosis based on the finding of a significant asymmetry (ratio 1 2.0) between the peak velocities of the ipsilateral to contralateral arteries or a peak velocity 1 120 cm/s in the symptomatic artery. If conventional cerebral angiography or magnetic resonance angiography was performed, an occlusion or 1 60% stenosis of the symptomatic internal carotid origin or vertebral artery was required for the diagnosis of extracranial atherosclerosis; evidence of focal narrowing or occlusion of the symptomatic intracranial artery was required for intracranial atherosclerosis [2] . Patients with inadequate evaluations, conflicting data, or adequate evaluations that failed to confirm the initial impression of the stroke subtype were diagnosed with cryptogenic infarction. This ensured a more specific classification of the atherosclerotic diagnostic categories. Consensus was reached by discussion, and disagreements were adjudicated by one of the principal investigators (R.L.S.).
Statistical Analysis
Average annual incidence rates stratified by age, gender, and ethnicity were calculated as follows: number of first stroke patients identified divided by the white/black/Hispanic northern Manhattan population according to 1990 US census. Direct age-adjusted rates with standard errors were calculated using age-specific proportions from the northern Manhattan population for each raceethnicity subgroup. Relative incidence rates for each ischemic stroke subtype were obtained by division of the rate in the Hispanic or black population by the white reference group. We used 2 and Student t tests to compare race-ethnic differences in risk factors, sociodemographics, and proportions of ischemic subtypes. Conditional logistic regression was used to estimate the odds ratio (OR) for matched case-control pairs for various vascular risk factors before and after adjustment for sociodemographic variables and other traditional vascular risk factors, such as educational level, HTN, alcohol abuse, smoking, obesity, physical inactivity, and serum LDL/HDL levels. A test for homogeneity was used to assess significant differences across the calculated OR and confidence intervals (CI). Statistical analyses were conducted using SAS version 9.1 (SAS Institute) and significance was set at p ! 0.05.
Results

Description of the Cohort
Over 4 years, 714 individuals with first ischemic stroke were identified within the northern Manhattan population. The mean age at baseline was 60 8 10 years; 63% were women; 29% were white, 22% were black, and 49% were Hispanic (55% from the Dominican Republic, 13% from Puerto Rico, 11% from Cuba, 21% other/unknown). Of these subjects, 95% were hospitalized, and all subjects underwent neuroimaging (98% CT, 43% MRI), 86% underwent duplex Doppler, 54% had transcranial Doppler, 18% had MR angiography, 88% underwent transthoracic echo, 21% had transesophageal echo, 10% had Holter monitoring, and 3% had conventional catheter angiography. At least one form of intracranial vascular imaging, MR angiography, transcranial Doppler, or angiography, was performed in 61% of patients. The stroke diagnostic evaluation was considered inadequate among only 7.3% of the 509 patients who underwent in-person interview, with no significant difference by race-ethnicity [3] .
Cerebral Infarct Subtypes and Race-Ethnicity
The overall crude incidence of IATH was 8/100,000 per year, which accounted for 7% of ischemic strokes ( fig. 1 ) , and the mean age for IATH was 67 8 13 years. The specific incidence rate of stroke attributed to IATH was higher (11/100,000 per year) than for EATH (5/ 100,000 per year) in the 45-to 54-year age group. A higher specific incidence rate for IATH-(44/100,000 per year) related stroke was also seen in the 75+ age group ( fig. 2 ) . Additionally, the relative incidence rate for IATH was higher among blacks (5.9/100,000 per year) and Hispanics (5/100,000 per year) compared to EATH ( fig. 3 ).
Cerebral Infarct Subtypes and Vascular Risk Factors
In the univariate analysis, subjects with IATH stroke had a higher prevalence of DM (67% for IATH, 60% for EATH, 48% for non-atherosclerotic (NATH), and 23% for controls; p ! 0.05 IATH vs. control) and of metabolic syndrome (62% for IATH, 40% for EATH, 40% for NATH, and 35% for controls; p ! 0.05 IATH vs. control) ( table 1 ). The prevalence of other risk factors such as sex, HTN, coronary artery disease, and hypercholesterolemia was similar across stroke subtypes ( table 1 ). In the multivariate model, DM conferred a significantly higher risk for IATH over NATH (adjusted OR, 10.8; 95% CI, 2.0-57 vs. adjusted OR, 2.7; 95% CI, 1.9-3.9, p ! 0.05) and EATH (adjusted OR, 6.2; 95% CI, 1.2-32) ( table 2 ) . Similarly, the metabolic syndrome (OR, 4.6; 95% CI, 1.1-18.7) had a larger magnitude of association with the IATH stroke subtype when compared to EATH (OR, 2.3; 95% CI, 0.6-9.1) and NATH (OR, 2.4; 95% CI, 1.7-3.3), but the test for homogeneity was not significant ( table 2 ) .
Discussion
This analysis provides updated estimates of incidence rates of specific ischemic stroke subtypes in a multi-ethnic urban cohort from the northern Manhattan community [3, 17] . As we have previously described, the raceethnic variation in stroke incidence was not equal across all stroke subtypes [3] , with the greatest disparity seen in the relative incidence rates for IATH among blacks and Hispanics compared to whites [2, 17] ( fig. 3 ) . Additionally, we found that DM and the metabolic syndrome conferred a higher risk to develop IATH as compared to EATH and NATH stroke subtypes ( table 2 ), and that the risk was independent of other risk factors such as HTN, HDL/LDL cholesterol levels, alcohol consumption, smoking, and physical activity.
In our cohort, the overall crude incidence of IATH was 8/100,000 per year, which accounted for 7% of all ischemic strokes. The lower incidence in this study may be explained by several factors. First, studies that are not population-based may have some selection bias to include more cases of IATH who may end up on stroke services. Second, older studies, in which atherosclerotic infarction was diagnosed, adjudicated etiological stroke mechanisms based on presumed mechanisms and not confirmatory laboratory data [4, 18, 19] . Third, the methodology by which stroke mechanism was adjudicated in NOMASS used several modalities, including cerebral angiography, transcranial Doppler, magnetic resonance angiography, and autopsy, making the diagnosis of IATH more attainable. And fourth, unlike other studies, NO-MASS used a cryptogenic stroke-subtype group and when patients had insufficient data to be reliably categorized, they were classified as cryptogenic infarctions. It is still possible that we underestimated the true incidence of IATH by missing some cases classified in the cryptogenic category. Although the incidence of IATH increased with age, among those aged 45-54 years, the incidence of IATH was more than two-fold greater than EATH. This finding may result from the race-ethnic variation in IATH. Blacks and Hispanics who are younger than whites in the northern Manhattan community have a greater incidence of IATH, and the higher incidence of IATH may be explained by the greater prevalence of DM and metabolic syndrome among these ethnic groups [17, 20] . There are differences in risk factors between northern Manhattan whites, blacks, and Hispanics and despite being significantly younger, the black and Hispanic northern Manhattan populations have a higher overall risk factor burden and a different risk factor profile than the white population [20] .
Race-ethnicity may be a determinant of IATH stroke subtype as this has also been consistently reported by many other studies [4, 6, 18, 19, 21, 22] and by NOMASS [2, 3, 7] . However, race-ethnic differences in ischemic stroke subtypes may be due to variations in risk factor burden across these ethnic subgroups and possibly to genetic susceptibility. Previous studies [18, 21] and NO-MASS [2] , have shown that blacks are more likely to develop IATH than other populations, especially in the anterior circulation compared to the extracranial carotid or vertebral arteries, and autopsy studies of the intracranial arteries have also confirmed this association [22] . These studies have attempted to address the racial differences in IATH, confirming an increased prevalence of certain ( table 2 ) . Similarly, the proportion of metabolic syndrome was higher in the IATH subgroup compared to the other stroke subtypes (62 vs. 40% in EATH, 40% in NATH, and 35% in controls), and the multivariate analysis confirmed the independent association between the metabolic syndrome and IATH stroke subtype. Interestingly, metabolic syndrome was also significantly associated with NATH. NOMASS has previously reported on the significant association between ischemic stroke and metabolic syndrome, and this association may even exist in the NATH stroke subtype [10] constituting a novel therapeutic target for populations at risk.
The over-representation of DM and metabolic syndrome in IATH and the mechanisms by which these risk factors contribute to the overall risk of stroke in IATH are matters for future research, but serum markers of systemic inflammation and metabolic dysfunction seen in DM and the metabolic syndrome have been associated with higher rates of cardiovascular events in patients with stable and unstable atherosclerotic plaques [23] . The higher prevalence of these risk factors may accelerate the conversion of asymptomatic to symptomatic plaque in patients with IATH.
In recent studies, the metabolic syndrome has been shown to be a significant independent risk factor for cardiovascular disease [9, 24] and particularly for stroke [10, 24] , but these studies have primarily focused on patients with extracranial vascular disease [25] [26] [27] . Recently, Bang et al. [5] reported on the association between metabolic syndrome and IATH, and concluded that metabolic syndrome was an independent predictor for IATH-related stroke. Our results support those conclusions, but those results may not be generalizable to all populations because their study was a single-center study in a Korean population and the comparison group included patients with NATH stroke subtype (lacunar and cardio-embolic) who may have had atherosclerosis as well. Our study design allowed us to compare different stroke subtypes to asymptomatic controls in a multi-ethnic cohort, making our results more generalizable.
Our study offers several advantages for the analysis of the prevalence of risk factors in IATH-related stroke across different race-ethnicities. It is a hospital and community-based prospective cohort, so selection and referral biases are minimized as the diagnosis of stroke subtype is more accurate and uniform across the different ethnic subgroups; our cohort study also includes Hispanics, who have not been represented in any previous population-based studies of ischemic stroke subtype incidence; our population-based surveillance system included hospitalized and non-hospitalized cases, although the 5% proportion of non-hospitalized strokes may be smaller than that of other communities; and finally, study subjects were thoroughly investigated, and stroke subtype classification was performed by a team of neurologists who reached a consensus agreement, therefore minimizing misclassification.
The limitations of our analysis are based on the observational nature of our study, which may have limited the inferences that can be made about etiological relationships, and our matching design on age, sex, and race-ethnicity makes it difficult to specifically evaluate the association between these variables and IATH across different ethnic subgroups. Similarly, our analysis of etiological factors may have been underpowered to fully assess the associations between risk factors and different stroke subtypes. As in any other incidence study, complete capture of all cases cannot be substantiated, and the fact that not all subjects underwent a systematic investigation, including vascular imaging, could be a source of information bias. Whether our results are generalizable to other populations can always be argued as a potential limitation; however, our study provides important data for minority populations.
In summary, we have confirmed the incidence rate of IATH in a large prospective multi-ethnic cohort and the different prevalence of risk factors across stroke subgroups. DM is a more important determinant for IATH stroke than for EATH or NATH. These associations may explain the over-representation of IATH among blacks and Hispanics.
